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CHAPTER @

Mark D. Kelloge

The clinical laboratory was one of the first areas in medicine
in which compurters were utilized. In the late 1950s automated
instrumentation began to appear in the clinical laboratory and
using computers to manage and store the data produced only
seemed natural. Eventually, computers were used to support
the entire process of analysis, from collection of the sample to
reporting the results. However, computers of the 1960s and
70s were large devices requiring constant attention and cost
significant dollars to purchase, install, and maintain. It was not
until the personal computer revolution of the early 1980s that
laboratory personnel had a powerful new tool capable of
markedly improving their operation. With the advent of word
processing, electronic spreadsheet, and database management
software, computer systems moved rapidly into routine use in
the administrative offices of most clinical laboratories. Con-
comitant with the development of the personal computer was
the addition of microprocessor systems and associated software
to control a new generation of complex laboratory instruments.
Microprocessor-based instrument control systems replaced the
electromechanical systems. These microprocessor-controlled
instruments not only supported the transfer of data directly
from analyzer to computer but also provided significant new
abilities. Operators could now validate results before transfer,
monitor and evaluate quality control, and be alerted to prob-
lems with key operational parameters of the instrument such
as temperature, reagent volume, and missing samples.

Today, laboratories use computers to manage test requests
and specimen collection, control instruments, collect data from
instruments, translate that data into meaningful results, col-
late all analyses on an individual patient, and generate reports
for physician information and inclusion in patients’ medical
records. Because computers are part of every laboratory and
because medical informatics (including clinical laboratory
data) is essential to health care delivery, clinical laboratory per-
sonnel must have a basic knowledge of computers and com-
puter communication technology. Individuals who understand
how a computer operates will use computers more effectively
and, when faced with decision making about computers, will
not be at the mercy of those who do know. Similar to the
automobile, the more you know about how it operates, the
more informed decisions you can make in purchases, repairs,

The views, opinions, and/or findings contained in this chapter are those of
the author and should not be construed as an official Department of the Army
position, policy, or decision unless so designated by other documentation.
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and upgrades. This chapter will present general concepts of
computer hardware, software, and their usage in the clinical
laboratory.

l COMPUTER HARDWARE AND SOFTWARE

A computer is a machine with two key characteristics. It is de-
signed to respond to a specific set of instructions in a defined
manner and can execute programs that represent prerecorded
instructions. The actual machine (wires, circuits, and transis-
tors) is called the hardware. Software is the prerecorded set of
instructions and data used to execute actions.

Hardware

Hardware is the physical part of a computer system. Com-
puter hardware includes the following five main components:
(1) memory, which allows the temporary storage of data and
programs, (2) mass storage, for permanent storage of large
amounts of data, (3) input devices, like the mouse and key-
board, that allow a user to enter data and instructions, (4) out-
put devices, that let you see what the computer is doing, and
(5) the central processing unit (CPU), which is the compo-
nent that actually executes the instructions. Additionally, all
computers require a bus to connect all of these components
for transmission of data between them during processing, cal-
cularing, and other activities. A power supply provides the nec-
essary electrical power for components to operate. The mem-
ory, CPU, and cards connected to the input and output devices
are all connected to a circuit board called the motherboard.

Memory

Memory is that part of the computer where data is stored while
being used and where programs or instructions for computer
activities are stored. It consists of a number of physical units
called chips. Memory determines the size and number of pro-
grams that can be retained by a computer and also the size of
dara rhat can be retained and processed at one time. The CPU
directs the data manipulation that actually takes place in mem-
ory. There are different types of memory chips. Some retain
their contents permanently after power to the computer is lost
but most computer memory chips lose their contents when
power is lost.
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Read-only memory (ROM) is a type of memory that re-
mains intact when power to a computer is discontinued. ROM
memory remains permanently. Memory content of ROM is
programmed at the time of manufacture and thereafter the user
may not alter the contents. ROM contains instructions for op-
erations essential to basic computer functions, for example,
disk drive interaction. ROM chips are used to store BASIC
Input Output System (BIOS) instruction, which is a set of
routines that activate and control peripheral devices connected
to the computer. ROM BIOS greatly affects computer com-
patibility with software. A rewriteable form of ROM, called
FLASH-ROM, allows the contents of the ROM to be changed
at a later time.

The smallest piece of information that is stored within a
computer is called a bit. A binary digit (bit) is a single digit
in a binary code (1 or 0). Physically, it is a memory cell and
is electrically either on (1) or off (0). Eight bits of memory are
required to store a byte or an alphanumeric character, which
is the common unit of computer storage. In other words, eight
bits represent one letter of the alphabet (one byte).

Random-access memory (RAM) is the working or user
accessible memory of the computer and is lost when power is
discontinued. Therefore, data that are in RAM must be saved
before switching off the computer power. The user may enter,
change, or erase data in RAM. The number of RAM memory
chips is one of the major determiners of the cost of comput-
ers. Size of RAM not only determines the amount of data that
may be processed at a time but it also dictates the size and
number of programs that may be held in a computer at any
one time. Microcomputers today usually come with at least
32 or 64 megabyte (MB, 1 X 10° bytes) RAM and are ex-
pandable to 256 MB or more. Just a few years ago computers
came with only 1 MB or even as little as 640 kilobytes (KB,
1 X 10° bytes) RAM.

Microcomputers usually have empty slots in which addi-
tional RAM may be added after purchase. When acquiring
memory chips, it is important to match their speed of opera-
tion with the requirements of the computer. The unit of speed
is nanoseconds (1 X 1077 seconds). The faster the chip, the
more it costs. There are many kinds of RAM. Static RAM
(SRAM) is a faster executing and more efficient RAM chip but
it is costly. Dynamic RAM (DRAM) chips are more common,
cost less, and are stower. DRAM has been succeeded by syn-
chronous dynamic RAM (SDRAM) and extended data out
RAM (EDO RAM); both improve the execution speed and
amount of memory present in a chip.! Typically, memory chips
are physically placed on circuit boards called memory mod-
ules. Fach module conrains eight or nine individual memory
chips each containing 16, 32, or 64 megabits of memory.
Single inline memory module (SIMM) and dual inline
memory module (DIMM) are common modules found in
today’s computers. Almost all new computers use DIMMs.
Most motherboards contain slots for only one type (SIMM or
DIMM) but some contain slots to accept both. It is impor-

tant to ascertain which type of memory a computer can uti-
lize before adding additional memory modules

Virtual memory is a section of the computer’s hard drive
that is used to augment the existing RAM. The various oper-
ating systems (UNIX, Linux, Windows) handle this differently
but essentially move data from physical memory, or RAM, to
the hard drive when space in the physical memory runs low.
Virtual memory is also used to swap out little used portions
of physical memory to free it up for other operations.

Cache memory or cache RAM is a reserved section of
the fastest RAM that is used to improve computer perfor-
mance. Usually, parts of a program or pieces of data that are
used repeatedly are read from a disk into cache memory and
stored. Thereafter, each time the computer calls for these pieces
of program or parts of data, they are immediately available
from high-speed RAM rather than from the slower speed disk.

Storage Devices

As defined above, storage devices are hardware devices that
hold or store data. These devices are rated according to the
speed with which they react as well as to the volume of data
they can accommodate. A drive is a peripheral device that re-
ceives data from the computer (output device), stores data
(storage device), and feeds previously stored data to the com-
puter (input device). Drives may be one of several types:

1. Floppy drives

2. Hard drives

3. Compact disc (CD) drives
4. DVD drives

Although less frequently used today, magnetic tape was
a common form of dara storage with early mini- and main-
frame computers. Data that were no longer needed for daily
processing were transferred to magnetic tape for archiving,
Reels of tape were easier and safer to transport than large disk
packs used for daily operation. Tape is linear storage and re-
trieval in contrast to the nonlinear or random processing of
disk and hard drives. Magnetic tape may also be used to store
data from microcomputers and is an economical means for
backing up data on hard drives.

Floppy disk drives use disks that contain a disk media
that is not rigid (as hard drives are) and may be removed and
physically carried to different locations.! Earlier terminology
referred to these disks as floppy diskettes or diskettes, but most
people simply refer to them as floppy disks. The first floppy
disks were either 8 in. or 5.25 in. in diameter and could store
up to 400 kilobytes of information. Newer floppy diskettes are
3.5 in. and can store up to 1.44 MB. Zip™ disks and Jaz™
disks utilize a similar nonrigid disk media but can store
250 MB to 2 gigabytes (GB), respectively. The floppy disk is
slowly disappearing as compact disk and DVD technology im-
proves. Disks must be formatted or electronically divided into
tracks and sectors before they can be used to store data. Disks
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must be matched with the type of drive in which they are to
be used (for example, double density, high density, Zip™).

Hard drives store more data and store it more rapidly
than do floppy drives. However, until recently, hard drives were
not usually removed from the computer and carried around.
A number of removable hard drives are now available, some
even fitting into the palm of your hand. The disk media in
the hard drive is inflexible and usually made of metal, although
glass versions have been developed. The disk media is placed
in a closed system (the floppy disk is open) that allows the
disks to operate at greater speeds and to hold more data.

Compact disc (CD) drives use laser beams to read and
write data. Each CD holds up to 650 MB of memory. The
CD disk player is closely related to the well-known audio CD
or compact audio player found in many homes. There are a
number of varieties of CD drives, including CD-ROM
(CD read-only memory), CD-R (CD-recordable), CD-RW
(CD-rewriteable). CD-R is a type of WORM (write once, read
many) type of technology that allows the user to record in-
formation onto the CD. CD-RW takes that capability one step
further and allows the CD-RW disk to be erased and rewrit-
ten with new data. The CD-RW drive can write to the older
CD-R disks but can rewrite only with the CD-RW disks.

DVD drives are the latest technology (1999-2000) and
are beginning to replace CD drives. Most people call DVD
either digital video or digital variable but the manufacturers state
that DVD does not stand for anything.! The disks used in these
drives are physically similar in size to CDs, but can hold be-
tween 4.7 and 18 gigabytes (GB) of information. Like the CD,
these drives exist in different formats. The DVD-R (DVD-
recordable) writes to a 4.7 GB disk once and then the disk can
be read many times using standard DVD players. DVD+RW
(DVD-rewritable) drives can read standard DVDs and also read
and write to 3 GB DVD+RW media. DVD-RAM (DVD-
random access memory) uses special media that cannot be used
in other DVD drives, and can be written and read multiple times
like RAM memory chips. The DVD-RAM uses both sides of
the DVD-RAM disk, holding 2.6 GB on each side.

Input Devices

An input device is a peripheral device that sends data to the
computer, for example, a keyboard or disk drive. Because in-
put devices are sending data to the computer, a software pro-
gram (driver) must inform the receiving computer of the com-
municarions parameters with which the input device transmis.
These parameters will be discussed later in the communica-
tions section of this chapter. For an input device to function,
it must be physically interfaced (connected) to the computer
and a program called a driver that instructs the computer how
to interact with the device must be loaded into memory.
The keyboard is that inpur device with which most com-
puter users are familiar. In addition to the keyboard, almost
all computers today also use a mouse ro assist communication

with the computer. There are at least three types of mice from
which to choose. A serial mouse is connected to the serial port
of the computer. A bus mouse connects to a special board that
must be added to the computer. Therefore, a bus mouse re-
quires inserting an extra circuit board or card into the com-
puter motherboard. A PS/2 mouse plugs into the mouse port
of IBM PS/2 computers.

A bar code reader is a device that directs a laser beam or
a light beam across a series of lines of varying widths (the bar
code) that code information. The reader directly enters the
scanned information into an interfaced computer. Bar code
devices are common to the laboratory and hospital environ-
ment. The bar code is a key element that allows auromared in-
strumentation to identify specimen and reagent containers.
Microphones are also used as input devices on today’s com-
puters, and as speech recognition technology improves, their
use to control computer activity will be become as common
as today’s mouse input.

Monitors and Video Cards

A monitor, cathode ray tube (CRT), or screen is a display de-
vice that is used to enable the user to view the outpur of a
computer. A monitor receives output data from the computer
and is therefore an output device. A video card or video
adapter is a plug-in circuit board that generates text and
graphic images for a particular kind of monitor. It is impor-
tant to match the video card to the software requirements and
to match the output of the video card to a monitor. Damage
may occur to a monitor if it is not connected to a video card
to which it is matched.

Most computer systems today use red-green-blue (RGB)
monitors that accept separate signals for each of the colors plus
an extra, individual signal for synchronization. An interlaced
monitor denotes alternately scanning or displaying all odd lines
and then all even lines. Television uses interlaced technology
and generates 60 half frames or 30 full frames per second. The
screen is scanned from left to right, top to bottom every odd
line, and then it is scanned again every even line. A problem
with this technology is that if the scan rate is too low, the pic-
ture flickers. Noninterlaced monitors sequentially refresh all
lines top to bottom and are flicker-free.

Video cards and monitors are selected and matched in re-
lation to video resolution modes. Resolution is the degree of
sharpness in image or printed letters and is expressed in terms
of rows and columns of picture elements (pixels), which are
the smallest entity or dot that can be displayed on a screen.
Pixel resolution is expressed in rows and columns. Thus a video
card that outputs an image with a resolution of 640 X 480
pixels is sharper than a video card that outputs an image of
420 X 380 pixels. In addition to pixel resolution, the num-
ber of displayable colors affects resolution perceived by the
human eye. A 640 X 480 pixel resolution with 256 displayable
colors has a higher resolution or sharper image than a 640 X
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480 pixel resolution with 16 displayable colors. Number of
displayable colors is one of the video mode characteristics.

A method used to rate resolution of monitors is the dot
pitch of the monitor. The dot pitch (dp) is a property of the
monitor itself and is the width of a dot in hundredths of a
millimeter. The smaller the dot, the sharper the image. Higher
resolution monitors today have a 0.28 dp, which is 28/100 of
a millimeter. The lower the dp, the better the resolution. A
0.28 dp monitor displays a sharper image than a 0.33 dp mon-
itor. Displaying a 640 X 480 pixel image on a 0.28 dp mon-
itor would produce a sharper image than displaying a 640 X
480 image on a 0.33 dp monitor.

Printers

Printers make hard, permanent copies of computer output and
are rated according to quality or sharpness of print as well as
to speed of printout. Quality of print may be denoted by the
terms: draft, near-letter quality, and letter quality or, more
precisely, dots per inch (dpi). Speed of printout is assessed as
page per minute (ppm) or characters per second (cps). Very
roughly, 1 ppm is equivalent to 60 cps.

Interfacing or connecting printers to computers requires
matching communications parameters and is covered in the
communications section of this chapter. Ability to print dif-
ferent fonts and to print in landscape (horizontal) or portrait
(vertical) is controlled by software. Ability to print graphics is
also software controlled, except that the printer must be ca-
pable of performing the software instructions, e.g., daisy wheel
printers can never print graphics. Printers come in many types
including daisy wheel, dot matrix, ink-jet, laser, and dye
sublimation.

Daisy wheel printers form characters by selectively im-
pacting letters located on the end of a spoke of a revolving
wagon wheel. These printers are letter qualiry bur are not ca-
pable of printing graphics because they do not print dot by
dot or pixel by pixel. Generally, daisy wheel printers are faster
and of sharper quality than dot martrix printers.

Dot matrix printers form characters by selectively im-
pacting tiny wires, from a group of rows and columns of wires,
onto a ribbon. The formed characters are actually a series of
dots. They output a draft quality or readable text, which is the
most rapid printout it can perform (200 to 600 cps or 2.5 to
7.5 ppm); however, the quality is poor because there are few
dots per inch. The near-letter-quality print has more dots per
inch, is sharper but is slower to produce (60—80 cps or 1 ppm).
The ink-jet printer is a type of dot matrix printer that uses a
head that sprays tiny droplets of ink onto print material. Ink-
jet printers are much quieter than standard dot matrix print-
ers, can make smaller dots to improve print quality, and the
liquid ink can be mixed for color printing capability. However,
they print more slowly than standard dot martrix printers and
since they do not print by impact, they cannot print carbon
copies.

Laser printers are quieter, nonimpact, and use the elec-
trophotographic technology of copy machines to print a page
at a time. They generally cost more, produce sharper images,
and print faster than other printers. Laser printers print letter
quality images of 300 or greater dpi. Laser printers have en-
abled a high quality in printing. Postscript is a page description
language from Adobe Corporation. An application program
uses the postscript language to describe text fonts and graphics
images. For a printer to print a postscript document, it must
have a CPU and memory to follow the application program’s
description in designing fonts and graphics. Both application
program and printer must have postscript capabiliries.

Other types of printers include thermal printers that burn
images into a special paper. Thermal printers were quite com-
mon on instruments produced in the 1990s.

Modems

A modem is shortened terminology for a modulator-
demodulator, which is a device that transforms digital data
from the computer to analog data for transmission over nor-
mal telephone lines and analog data from the telephone line
to digital dara for use by a computer. Modems allow comput-
ers to communicate with other computers over telephone,
wireless, and cable systems. Eventually, this modulation and
demodulation will be unnecessary when digital transmission
systems are more widely used. The digital signal level of a nor-
mal telephone line is 0 (zero) and allows for a maximum trans-
mission rate of 64 kilobytes per second (Kbps).! To create lines
capable of carrying a digital signal, copper wire used for tele-
phone lines can be twisted into two pairs to create a T-1 line
capable of 155 megabytes per second (Mbps) transmission and
can carry 24 phone lines.! A T3 line combines 28 T-1 lines
and can carry 672 different phone (voice) lines or up to
44.7 Mbps of data. Most internet service providers utilize T3
lines to connect to the main backbones of the Internet.
Fiberoptic wires are also capable of carrying a digital signal.

Central Processing Unit

The central processing unit (CPU) is the brain of the com-
puter where instructions are read, decoded and executed.
Sometimes called the central processor, microprocessor, or
processor chip, the CPU controls, coordinates, and performs
computer operations including calculations, comparisons,
and data transfer. Even though operations may actually be ac-
complished on other elements (e.g., a video card, a math co-
processor), the CPU directs data to and from those units and
tells those units what to do and when to do it.

CPUs are characterized or rated according to the size of
data (bits) they can process at one time and the clock speed
(MHz) at which they process. Through the years, CPUs have
technologically advanced from 8-bit (8088 chip) to 16-bit
CPUs (80286 chip), 32-bit CPUs (386 and 486 chips), and
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64-bit CPUs (Pentium and x86—64 chips). A 16-bit CPU can
process twice as much data in a single step as an 8-bit CPU.
It should be noted that for the larger CPU chip capacity to be
realized, the software or program that instructs the computer
must be written for that chip. CPUs are based on complex in-
struction set computer (CISC) or reduced instruction set
computer (RISC) architecture. RISC-based computers split
big complex operations into simple, tiny operations that can
run 15% to 50% faster than CISC computers, and RISC chips
are cheaper to produce.

Clockspeed of a computer is the speed of generated and
spaced pulses that are sent throughout the computer. The
CPU’s clock or internal timing device governs the rapidity of
machine cycles or speed of the processor. Computers with
faster clockspeeds are able to perform more operations per sec-
ond. Clockspeed is often used as a rating for the CPU. Mega-
hertz (MHz, 1 X 10° cycles per second) is the unit for mea-
suring clockspeed.

CPUs continue to be designed with faster clockspeeds,
larger bit ratings, and smaller physical size. Early microcom-
puters use the 8-bit CPU (8088 chip) capable of processing
8 bits of data ar a time and run at 4.7 to 10 MHz. The 386
machines run at 25 MHz and 33 MHz and 486 microcom-
puters run at speeds from 25 to 66 MHz. In the summer of
2000, chip manufacturers began to release chips with clock-
speeds exceeding 1 gigahertz (GHz) and desktop computers
will now far exceed the capabilities of even the largest mini-
computers of just a few years ago.

Power Supply

All computers require a direct current (DC) power supply. Al-
ternating current output from commercial electrical outlets is
converted to DC by the power supply. The required wattage
(size of power supply) varies with the number of boards and
accessory devices that are plugged into or connected to the
computer. Memory chips use 5 to 10 watts; each disk drive
uses from 10 to 50 watts and each accessory board may use
15 to 25 watts. A typical microcomputer power supply is be-
tween 100 and 250 warts.

Bus

The bus is the computer’s major circuitry or electrical paths
along which data move between the various components.
When purchasing any new card or board, one must match it
to the bus. An industry standard architecture (ISA) is a 16-bit
architecture of the older AT computers. The extended indus-
try standard architecture (EISA) bus was 32-bit and accom-
modated EISA and ISA cards but no MCA cards. The VL-Bus
and PCI (peripheral compurer interconnect) have largely re-
placed the ISA and EISA cards. PCI though is limited in the
number of slots that can be placed on a motherboard, and ma-
chines requiring a large number of peripheral devices will use

the EISA system.

Types of Computers

Computers are usually classified by size and power into super-
computers, mainframe, mini, workstation, and personal com-
puters. Advances in microelectronics now make distinctions
ambiguous and the personal computers of today have far more
computing power than the mainframes of even 10 years ago.
The following definitions, then, will be generalities rather than
absolutes.

SUPERCOMPUTERS

Supercomputers are the fastest type of computer available.
These computers are very expensive and used in specialized ap-
plications requiring tremendous mathematical calculations.
For example, weather forecasting requires a supercomputer.
Other uses of supercomputers include animated movies,
physics research, and medical modeling. In comparison to
mainframe computers described below, the supercomputer uses
its power to execute a few programs as fast as possible, whereas
the mainframe computer is used to run many programs at the
same time.

MAINFRAME COMPUTERS

The first computers were mainframes, e.g., Univac. Users in-
teract or control mainframes via workstations called terminals,
which may be either “dumb” or “smart.” Dumb terminals are
terminals without processing or computing capabilities. They
consist of a keyboard by which the user gives commands to
the mainframe and a monitor that displays user-entered com-
mands and processing results. All calculations, processing, and
storage are executed on the mainframe. In contrast, smart
terminals are workstations that, in addition to the display
and keyboard capabilities of the dumb terminals, provide
some processing and memory capabilities independent of the
mainframe.

MINICOMPUTERS

A midsize computer (minicomputer) in terms of size and power
lies between the workstation and the mainframe. Technology
advances have blurred the distinction between large minicom-
puters and small mainframes and between small minicomput-
ers and workstations. In general, 2 minicomputer is a multi-
processor system capable of supporting from 4 to about 200
users simultaneously.

WORKSTATIONS

Workstations are typically used for applications that require
moderate computing power and high-quality graphics. Exam-
ples include desktop publishing, computer-assisted design
(CAD), computer-assisted manufacturing (CAM), and soft-
ware development. Workstations generally come with a large,
high-resolution graphics screen, large amounts of random ac-
cess memory (RAM), networking capabilities, and a graphical
user interface (GUI). Most workstations also have a mass stor-
age such as a disk drive, but a special type of workstation called
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a diskless wotkstation comes without a disk drive. The most
common operating systems for workstations are UNIX and
Windows NT. In terms of computing power, workstations lie
between personal computers and the minicomputer. High-end
personal computers are equivalent to low-end workstations and
high-end workstations are equivalent to minicomputers.

Like personal computers, most workstations are single-
user computers. However, workstations are typically linked to-
gether to form a local-area network, although they can also be
used as stand-alone systems.

In networking, workstation refers to any computer con-
nected to a local-area network. It could be a workstation or a
personal computer.

PERSONAL COMPUTERS

The last category of computers is the personal computer
(microcomputer), which is the most numerous and well
known. Microcomputers are easily moved, are able to stand
alone (complete computers capable of processing, storage, cal-
culating); however, they may also be connected to mainframe
or minicomputers and they may also support a small number
of user terminals. There is no temperature or humidity con-
trol requirement and costs range from $500 to $25,000. Ex-
amples of microcomputers are the IBM PS/2 series, Compagq,
Dell, Gateway, and many more.

Software

Software is a written set of instructions for the computer.
Programs are software that perform a specific task such as in-
structing the computer how to interact with a mouse, e.g. the
mouse driver. Software is classified according to the task that
it performs.

OPERATING SYSTEMS

An operating system js a master control program thar or-
ganizes all activities of the computer and instructs the com-
puter how to interact with peripheral devices, for example,
disk drives, keyboard, and monitor. It is the minimum soft-
ware required to run a computer. Some parts of the operat-
ing system are in ROM. Core parts of the operating system
are loaded into the computer RAM from the disk on boot-
ing (turning the computer on) and are thereafter available
from memory for immediate access. Other parts of the oper-
ating system are seldom used and may be loaded into mem-
ory as needed.

Operating systems set specifications to which application
programs must be written in order for them to function. Some
examples of earlier operating systems include: DOS, OS/2, and
XENIX. Operating systems in common use today include var-
ious versions of Windows (95, 98, N'T, 2000), UNIX, Linux,
and the Mac OS. Application programs, e.g., word processing

packages, written for one operating system will not run in any

other operating system. OS/2 is an exception in that it does
have a multitasking function that allows a user to run appli-
cation programs written for DOS. UNIX and variations are
largely run on mainframe and minicomputers, even though
there is a version, called XENIX, that runs on microcomput-
ers. It is expected that in the future operating systems will al-
low application programs to run on all types of computers.
The tendency to interface all types of computers in networks
is driving this trend for standardization of software.

LANGUAGES

A language is a system of symbols that is used for communi-
cation. There are different levels of languages for communica-
tion with computers. Machine language is the only symbolic
code that the computer understands. For the computer to un-
derstand an instruction, it must be in machine language. Com-
mands in machine language, however, are meaningless to most
humans.

Assembly language was developed for the convenience of
programmers. It resembles English and is more understand-
able to most humans than machine language. Instructions writ-
ten in assembly language must first be assembled (translated)
into machine language before a computer can understand
them. Assembly language is sometimes called a low-level lan-
guage because it is not far removed from machine language,
e.g., one word in assembly language is translated into one word
in machine language.

Pascal, BASIC, C++, and structured query language
(SQL) are high-level languages that closely resemble English
but are far removed from machine language, e.g., one word
in high-level languages may be translated into several words
in machine language. Instructions written in these high-level
languages must be compiled (translated) to machine language
before the computer can understand and execute them.
C++ language can be compiled into machine language for
almost any computer; therefore, C++ is a transportable
language because it may be transported or run on almost
any computer.

DRIVERS

A driver is a program that instructs the computer on inter-
action with a peripheral device. In addition to correctly inter-
facing or connecting a peripheral device with a computer, one
must load a driver for each peripheral device before the com-
puter is able to utilize ir.

APPLICATION PROGRAMS

An application program is a program that is written for a
specific purpose. There are many commercially available pro-
grams for general laboratory chores. If a laboratory can locate
application software that does exactly what it needs, that soft-
ware may be used. However, most likely, some tailoring of
available software is required to match the individual clinical
environments.
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Word processing programs are programs for managing
text documents and their printout. These packages may con-
tain a spell checker, a thesaurus, and even a grammar checker.
Most now contain a view-page function, which allows the user
to view the layout of a page before printing. Because text is
easy to move around, copy, delete, and correct, word process-
ing has greatly decreased the time required to write documents.
Some more common examples of word processing programs
are Word Perfect™, Lotus WordPro™, and Microsoft
Word™,

Electronic spreadsheet programs are programs that sim-
ulate paper worksheets of columns and rows of numbers for
budgets and other financial bookkeeping. The spreadsheet is
much larger than a single screen and can be scrolled through
for viewing. Mathematical formulas may be added in a row
or column of a spreadsheet and thereafter they are automati-
cally calculated and the calculated result, not the formula, is
displayed in that column or row. Electronic spreadsheets are
useful and save time in planning, forecasting, and predicting
because a manual change in a single value is automatically
catried throughout the entire spreadsheet. Lotus 1-2-3™,
Microsoft Excel™, and Quaatro Pro™ are popular electronic
spreadsheets.

Database management programs are programs that or-
ganize, store, and retrieve data in a database. Common exam-
ples are FileMaker™, Microsoft Access™, Lotus Approach™,
dBASE™, and Paradox™. Databases are used in numerous
applications in the clinical laboratory, e.g., inventory and per-
sonnel scheduling.

Personal information manager (PIM) programs are
programs that are designed to organize or manage one’s per-
sonal job functions and calendar of events. Sidekick Plus™,
Microsoft Outlook™, and Lotus Organizer™ are examples of
PIM programs.

Lecture or seminar presentation software is a program
used to prepare a series of computer illustrations to accom-
pany a presentation. Usually, an overhead projector is used to
display the computer output on a large screen for the audi-
ence. Microsoft Powerpoint™, Visio™, and Astound™ are
examples of presentation software.

Statistical programs are written to perform statistical
calculations. A common example is Statistical Analysis System
or SAS™,

Netware programs are programs that organize and con-
trol communications over a network. Netware is also the com-
mercial name for a commercial vendor’s netware program. Ex-
amples of these types of programs are Novell's Netware and
3-Com’s Ethernet Share.

Internet Browsers are programs that allow users to look
ac pages from the World Wide Web. Examples of these pro-
grams are Microsoft Internet Explorer, Netscape Navigator,
Mosaic, and Opera. More specifically, these programs read
Hypertext Transfer Protocol (HTTP) pages, usually from the
Internet. The pages are written using Hypertext Markup Lan-
guage (HTML) and allow the communication of text, graph-

ics, and multimedia objects over the Internet. The Web is the
channel of the Internet used to distribute these documents.
More about the Internet will be discussed later in this chapter.

|
] NETWORKING AND COMMUNICATION

Computer Networks

Today, computers almost never operate as stand-alone com-
puters and are usually networked to other computers to share
dara, applications, and peripheral devices. The simplest con-
figuration consists of several computers linked together in what
is termed a local area network (LAN). This could be the com-
puters within a “local” area like an office, laboratory, home, or
even a small building. LANs are limited to physical distances
between computers of less than 2 kilometers and usually use
one protocol for communication. When computers are farther
apart or multiple LANs are linked to each other, these net-
works are usually called wide area networks (WANs).

The ability to share expensive peripherals like laser print-
ers, large mass storage, or Internet connections make networks
a cost-effective solution to purchasing such devices for every
computer. Bridges, routers, and switches are used to connect
LANs together {to form WANs) or to connect segments of
LAN that are separated by distances greater than those allowed.
The bridges, routers, and switches route the data packets trav-
eling through the cables to the proper segment of the LAN or
across LANs based on the destination address found within
the data packet. When data must travel across networks using
different communication protocols (like a LAN to the Inter-
net), then a gateway must be utilized. The gateway is a com-
puter that is connected to both networks and translates the
data from one before transmitting to the other. The connec-
tion of your laboratory network to the Internet would be han-
dled by a gateway.

Networks are categorized by three characteristics: archi-
tecture, protocol, and topology. Peer-to-peer and server/client
are two architectures commonly found in networks. The sim-
plest architecture is the peer-to-peer network that connects
small numbers of computers. This system allows the hardware
(printer, CD-ROM, fax-modem) attached to any computer on
the network, to be shared with other computers on the net-
work. Users can also share data stored on their hard drives.
The peer-to-peer network is easy to configure and most per-
sonal computers come with the necessary software. Additional
hardware requirements are a network card and cabling to con-
nect the network cards. Security of information is a concern
with peer-to-peer networks. The peer-to-peer system works
well only with limited numbers of computers, usually less
than 12.

Server/client systems have one central computer {server)
that provides various services like e-mail, printers, and Inter-
net access to the other computers on the network (clients). In
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this system, the data and programs are held on the server and
not the individual user computers. While providing a higher
level of security, this system is more vulnerable to power fail-
ures and hardware failure. If the server is not functional, all
data and programs stored there are unavailable. Critical data
and programs may be mirrored on other computers within the
network to provide backup if the main server crashes. The
client/server system is the most common network architecture.

Protocol refers to the common set of signals and rules that
the network uses for communication. Your choice of protocol
is dependent on what system you are using. Ethernet was one
of the first protocols developed for connecting computers.!
Various modifications have been made on the original since
its development in 1972 and is still in common use today.
NetBEUI was developed by IBM for use with small- to
medium-sized networks and is very easy to configure.! The
protocol suffers from network congestion when you have more
than 20 machines on the network. The IPX/SPX protocol was
developed by Novell for use with its Netware systems. This is
usually the default protocol when you are using the Microsoft
Operating systems on networked computers. IPX/SPX is more
difficult to configure and is largely being replaced by Trans-
mission Control Protocol/Internet Protocol (TCP/IP).
TCP/IP was originally developed as the transfer protocol for
the Internet and has now been adapted for controlling trans-
mission in LANGs. It allows communication between dissimi-

lar computer systems and can be easily scaled up to handle in-
creasing numbers of machines.

Topology refers to the geometry used in configuring the net-
work. Common topologies are star, ring, and bus. See Figure 9-1

Bus Topology

Ring Topology

FIGURE 9-1

Microcomputers connected in various types of network
topology.

for examples of these topologies. The Internet is actually a net-
work topology and does not physically exist without the con-
nections between the millions of computers using TCP/IP to
communicate.

Computers that are attached to the network require a net-
work interface card (NIC) to which the network cable is con-
nected. In a peer-to-peer network, these cards are connected
to each other via the cable. In an Ethernet network, the cables
are artached to network hubs that manage the receipr and
transmission of data from the various compurers. Ethemnert net-
works can use three different types of cabling. Unshielded
twisted-pair (UTP) is the most common and least expensive.
Shielded twisted pair and coaxial cable can also be used. Both
of these cables are shielded from electromagnetic interference
(EMI). EMI is usually not a problem in offices or homes but
within the clinical laboratory, significant EMI can be gener-
ated with the number of motors, instruments, and other de-
vices present. Be sure to consider the possibility of EMI when
selecting cabling for use in the clinical laboratory environment.
Coaxial cabling, also called thin Ethernet, must be configured
in the ring topology, making it more difficult to set up. Ad-
ditionally, the cables and connectors must be protected because
any break in the chain will cause the network to fail.

Communications

Communication or transmission of data between a computer
and any other device, whether it is a laboratory analyzer, a lab-
oratory specimen identification label printer, a patient identi-
fication plate printer or even another computer, utilizes simi-
lar technology and communication parameters. The goal of
this section is to provide the laboratorian with sufficient in-
formation to understand communications between computers
and with laboratory instrumentation.

All input to computers is converted into binary numbers
made up of the two digits 0 and 1. Binary code is made up of
the two digits 0 and 1. The 1 bit is transmitted as pulses of
electricity of high voltage; the 0 bit is transmitted as no pulse
or low voltage. In memory, the 1s and Os are stored as a series
of charges (on) and no charges (off). The American Standard
Code for Information Interchange (ASCII) is a binary code
for dara that is used in most minicomputers and in all micro-
computers. Another binary code, Extended Binary Coded
Decimal Interchange Code (EBCDIC), is used by IBM main-
frame and some minicomputers. ASCII has 256 different char-
acters, of which the first 128 are standardized for all computer
platforms. The first 32 are control codes used for communi-
cations, text formatting, and printing controls, such as mak-
ing the computer beep. The next 96 characters are used for
numbers, letters, and standard punctuation marks. Codes 128
and higher are nonstandard at the present time and are there-
fore highly vendor dependent. Character dara such as letters
and punctuation marks are stored in memory or files as the
ASCII bit notation, but numbers must be converted to binary
bit notation for the computer to utilize them (Table 9-1).
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TABLE 9 -1
Binary Bit Notation for Decimal Number 10
. 3 kk 15 2 ‘f L
. o -
+8 +0 =10

Types of Computer Communications

In addition to collecting and processing analytical data, clini-
cal laboratory computers are largely used for communicating
those data. The International Standards Organization (ISO)
has defined a communications reference model, the Open
System Interconnection (OSI), which is a 7-layer standard
for computer communications protocol (Figure 9-2). This
model was developed to encourage standards in communica-
tions software and hardware so that multivendor products
might be interchangeable and interconnectable. Of the 7 pro-
tocol layers, 1 and 2 describe basic communication of a com-
puter with any other device and in the clinical laboratory and
are most likely the responsibility of clinical laboratorians.

Layer 1 defines the physical layer or the actual set of wires,
plugs, and electrical signals for sending and receiving devices.
Layer 1 is the cable connection of computers to peripheral de-
vices and is dictated by the protocol used in layer 2.

Layer 2 describes the data link layer or the transmission
of a block of data from one device to another. Data are pack-
aged in blocks of specific length. Codes for start of data block,
for end of data block, and for error checking are appended to
each block before transmission.

Provides end-to-end control

FI1GURE

9 -2

Establishes and terminates session

The types of data link layers are asynchronous transmis-
sion and synchronous transmission. Asynchronous transmis-
sion originated with the mechanical teletype machines and is
the transmission of one character at a time over a single wire.
The serial port on a microcomputer is the normal asynchro-
nous communication channel. This is the type of communi-
cations commonly used between two computers, berween
two modems, and between most laboratory instruments and
computers.

Synchronous transmission was developed for higher
speeds and higher volumes of transmission and is the transmis-
sion of blocks of data over multiple wires with both sending and
receiving stations synchronized to each other. Synchronous
transmission involves extensive error checking. This is the type
of communications used to transfer data internally by the com-
puter and used to send data from computer to printer.

Transmission Types

Transmission of data may be either parallel or serial. Parallel
transmission is the concomitant transfer of multiples of 8 data
bits or bytes at once over 8 parallel lines. Synchroneus com-
munication is parallel transmission and requires both sender

Provides electronic mail and distributed services

Performs data conversion to and from different formats

Routes data to the appropriate destination
Transmits data reliably between adjacent nodes

Connects nodes physically and electronically

Open System Interconnection (OSI} communications reference model. The 7 layers
are shown with short descriptions. Layers 1 and 2 are required for any transmit and

receive communications.
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and receiver to be synchronized. Parallel transmission is used
to transmit data within a computer and to transmit computer
output to a printer. All internal computer data transmission is
parallel. The CPU determines what size word (bit size of trans-
mission) may be transmitted at a time, e.g., 8088 CPU trans-
mits 8 bits at a time, 486 CPU transmits 32 bits at a time.
Although parallel communication is more rapid, the cost of its
multiwire cabling is more expensive than that for single-wire
serial communication. The OSI standard for parallel interface
is the Centronics 36 pin. Originally, the parallel port on com-
puters was a 36-pin connector and used a ribbon cable to in-
terface with peripheral devices. Today, a 25-pin female D
socket, DB-258S, serves as the parallel port on most comput-
ers. Some printers still have the Centronics 36-pin connector,
whereas many have the 25-pin connector. The parallel port is
relatively slow for data transmission and is limited to 512 Kbps.

Serial transmission is data transfer bit by bit or one bit
behind another over a single wire. Asynchronous communi-
cation is serial transmission and does not require synchro-
nization of sender and receiver. Although parallel communi-
cation meets the needs for higher speed data transfer, it is most
cumbersome, expensive, and difficult to implement over long
distances {300 to 500 feet). Modems, mice, and most labora-
tory instruments utilize serial communications. A communi-
cations card converts data from the parallel format within the
computer to serial format that is sent to peripheral devices.
That same card receives serial formatted data (from laboratory
instruments) and converts it to parallel data for use within the
computer. The RS-232 (Figure 9-3) or RS-232-C is the OSI

2N
10 Earthground
Secondary transmitted data 014
Transmitted data
Transmitter signal timing 015
30 Received data
Secondary received data 016
40 Request to send
Receiver signal timing 017
Clear to send
Unassigned -018
Data set ready
Secondary request to send 019
70 Logic ground
Data terminal ready 020
80 Carrier detect
Signal quality detector 021
90 Reserved
Ring indicator 022
100 Reserved
Data signal rate selector 023
o Unassigned
DTE transmitter signal timing 024
120 Secondary carrier detect
Unassigned 025
130 Secondary clear to send
O

FIGURE 9 -3
RS232 Standard. The pin numbers and functions
assigned in the RS232 standard are shown. Some of

the 25 pins are reserved and some are unassigned.

interface standard for serial asynchronous communications.
Most microcomputers have two serial and one parallel port.
The RS-232 port on a computer is a 25-pin male or DB-25
port. Since all of the 25 pins are not used in communications,
a 9-pin male DB-9 serial port has been developed and is also
used on microcomputers. DB-25 to DB-9 converters are avail-
able, if needed, to accommodate or match serial cables, sock-
ets, and ports. The universal serial bus (USB) connector is re-
placing the serial and parallel cable for data transmission at
low and medium bandwidth requirements. USB can achieve
transfer rates of 12 Mbps and the cable can also be used to
transfer power to the peripheral device. The ability ro add and
remove peripherals without shutting down the computer is also
allowed with USB. This is called “hot swapping.” Addition-
ally the USB system takes full advantage of the “plug and play”
capabilities most operating systems now employ and no longer
requires opening the hardware to add new peripheral boards,
setting of switches inside the computer, and other elaborate
configuration processes.

Communication Parameters

Sending and receiving devices must be matched or set to the
same communication parameters, which are:

Baud rate

Parity

Data bits

Stop bits

Duplex (full or half) or echo (on or off)

RANE N

When running communications software, the parameter
information must be entered before transmitting and receiv-
ing. A description of the parameters follows.

Baud rate is the switching speed of a communications
line. Originally baud rate was equivalent to the transmission
speed of asynchronous communications in bits per second
(bps). Newer technology provides more rapid transmission
rates and allows one baud or one electrical switching of a com-
munications line to transmit more than one bit. Therefore, at
today’s higher transmission speeds, baud no longer is equiva-
lent to bps.

A start bit is a bit that is added to the beginning of a
character before it is transmitted in asynchronous (start/stop)
communications. A start bit signals the beginning of a trans-
mission and alerts the receiving device that a character is com-
ing. The start bit is a logical 0 and has a negative voltage.

A stop bit is a bit that is added to the end of a character
before it is transmicted in asynchronous (start/stop) commu-
nications. A stop bit signals the end of a transmission to a re-
ceiving device. Communications programs must know how
many stop bits are being used. The stop bit is a logical 1 and
thus has a positive voltage.

The number of data bits is the number of bits used to
represent data in communications. For most microcomputer
asynchronous communications, 7 data bits are used to repre-
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sent a character and one bit is a stop bit. The number of data
bits used by laboratory instruments is generally given in the
accompanying manual.

Parity is the quality of being odd or even. In asynchro-
nous transmission, parity is an error detection method. The
sending device checks the number of 1s or 0s and, when nec-
essary, adds an extra parity bit to make the number odd or
even. The receiving device then checks for odd or even parity.
A parity bit is an extra bit attached to the byte, character, or
word for error detection in transmission.

A frame is the bit length or size of a package of data that
is transmitted at one time. Although the length of a frame can
vary, neatly all modern clinical laboratory instruments and all
microcomputers use a frame of 10 bits. Because the commu-
nication is asynchronous and may be sent at any time, there
is no clock pulse. For the receiving device to be able to read
the communication, it must be given the parameters - (baud
rate, number darta bits, and number stop bits). The start bit
signals the beginning of a frame and thereafter the given pa-
rameters tell the receiving device what bits to read as data.

Duplex is a term describing the direction of communi-
cation between two computers. Full duplex is simultaneous
two-way communication, e.g., telephone communication. In
full duplex, characters sent are reflected back from the receiver
before being displayed on the sender’s screen. In half duplex,
data travel only one way, and therefore cannot be transmitted
and received simultaneously. In half duplex, data are simulta-
neously sent to the receiver and to the sender’s screen. The re-
ceiver does not echo back the data for display.

Echo is a method whereby the transmitting device may
view the outputted communication. When transmitting and
not seeing the outputted transmission, turn echo on. If every-
thing is displayed in duplicate, turn echo off.

Uploading is the sending of a file to a central computer
from a computer at a remote site. Downloading is the copy-
ing of a file from a central computer to a computer at a re-
mote site.

l
l LABORATORY INFORMATION SYSTEMS

The term Laboratory Information System (LIS) can be used
to describe a system that uses computers to connect laboratory
instruments and computers and process the data associated
with requesting tests and reporting results. Laboratory infor-
mation systems can be very simple or highly complex bu all
have the basic components of a network as discussed in the
previous section. The system requires hardware (computers,
input/output devices, and peripherals), connections between
devices and computers, operating system software, a commu-
nication protocol, and a format for data transmitted through
the network. In addition, the LIS may be connected to other
systems like the Hospital Information System (HIS), other lab-
oratory LISs, or the Internet.

Because many of these systems were originally designed
in isolation from the others, there are significant differences
between protocols and data formats. Attempts have been made
to standardize the formar of data within clinical information
systems so that LISs and HISs and others can all communi-
cate without error. One example of this is the Health Level 7
(HL-7) message protocol. Another example of attempts to
standardize the data between laboratory systems is the Logi-
cal Observational Identifiers Names and Codes (LOINC)
database developed at the Regenstrief Institute. This database
provides a standard set of names and codes for laboratory re-
sults (e.g., bilirubin, amylase, calcium).

l
| MEDICAL INFORMATICS

Although data and informartion generated by the clinical lab-
oratory constitute a large part of health care data, it is not the
only contributor to these data. Radiology reports, patient his-
tory, electrocardiogram reports, and journals all contribute to
the massive amounts of data generated in the health care sys-
tem. Perhaps one of the most important roles for computers
has been and will be the management of this information so
that health care professionals can effectively acquire, store, re-
trieve, and utilize the available data and information. Out of
this need to access and utilize health care information emerged
the field of medical informatics. Although early pioneers in
this field began work in the 1950s and 1960s, it was not un-
til the 1980s and 1990s with improvements in computer tech-
nology and telecommunications that medical informatics be-
came widely recognized. The term informatics originated in
1968 to describe the concept of information science and was
later defined to be “the discipline of science which investigates
the structure and properties of scientific information.”? As
such, medical informatics would then investigate the structure
and properties of medical information.?

The term medical informatics is often used to describe the
use of computers in medicine. However, medical informatics
goes beyond the use of computers and the relatively simple
collection, storage, and retrieval of data and information. The
field is not concerned with the equipment that is used but
the information and how it is acquired, utilized, and stored.
Medical informatics attempts to bring together information
and the necessary tools to the decision-making process in
health care.

Informatics (and medical informatics) views the computer
as a tool, much like the microscope is a tool in the clinical lab-
oratory.” Computer technology is viewed as “enabling us to
explore and better understand the informational and cognitive
foundations of medicine.”* The field of medical informatics is
rapidly evolving as computer and communication technolo-
gies allow access to greater numbers and larger databases of in-
formation. The field is actively working to provide health care
practitioners the information they need, when they need ir,
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and in a form that is easily interpreted and used for problem
solving and decision making.

In the clinical laboratory, informatics can be used to help
determine how data should be presented to the user. Some
examples of clinical laboratory questions that can utilize
informatics:

* s a bar graph better than simple text to present lab
results?

*  Should reference ranges be included with lab results?

*  How should critical values be displayed to attract atten-
tion on a report form?

e What additional laboratory tests should be ordered to
complement the current results?

¢ How can we present large data sets to technologists and
technicians to rapidly scan for errors, trends, or other
problems?

*  How can we acquire data from all laboratory tests per-
formed on a patient over time at different locations so a
physician has all results applicable to the decisions with-
out overwhelming them with data?

The clinical laboratory provides a wealth of information,
and informatics is the process through which we can assure the
most efficient utilization of the information. As genetic infor-
mation is added to the output of laboratory data, we will be
faced with even greater demands for “processing information.”
The laboratory cannot simply provide numbers but must pro-
vide a value-added resource of information to the health care
practitioner. By adapting a definition used in nursing infor-
matics,” we can define clinical laboratory informatics as a com-
bination of computer technology, information science, and clin-
ical laboratory science used to assist in the management and
processing of clinical laboratory data, information, and knowl-
edge to support the practice and delivery of health care.

|
| suMMARY

Because the systematic processing of information is critical to
the health care delivery system and because computers play a
substantial role in this information processing, clinical labora-
tory personnel must have a basic knowledge of computers and
computer communications.

Basic components of a microcomputer include the power
supply, the central processing unit (CPU), memory (RAM and
ROM), video cards, monitors, storage devices (floppy drives,
hard drives, CD ROM drives), input devices (bar code read-
ers, mice), printers, and busses. Most of the computer com-
ponents are rated according to their throughput speed. For best
comparison of computers, one should select a software pro-
gram that performs a task and run that program on all com-

puters being compared. Because all components of a computer
contribute to the total efficiency, timing the performance of a
specific software task is the only valid method to compare ef-
ficiency of different computers.

Operating systems and languages are used to instruct the
computer in its activities as well as in its interaction with pe-
ripheral devices such as laboratory instrumentation. Each
peripheral device requires a driver (software instructions) be
installed to inform the computer of interactive procedures.

Various application programs are commercially available
to perform tasks. Major categories are word processing, per-
sonal information management, spreadsheet, statistics, and
communications. The clinical laboratorian will evaluate the
task and then select appropriate software to perform that task.
Very seldom is a tailored commercial product available. Most
likely, a generic program will have to be altered 1o meet the
individual laboratory’s specifications.

Computers are usually networked to other compurers to
share data, applications, and peripheral devices. Networks can
be local (LAN), cover wide areas (WAN), or span the globe
(Internet). Networks are classified by their architecture, com-
munication protocol, and topology.

The Laboratory Information System can be used to de-
scribe a network of computers connected to each other and
laboratory instruments to acquire, validate, interpret, and com-
municate the information generated by the testing process.
Laboratory Information Systems are often connected to other
clinical information systems. To assist in the communication
of information between these systems, standardized message
protocols like HL-7 and LOINC have been developed.

Medical informatics studies the structure and properties
of medical information. It works to optimize how data is ac-
quired, stored, and retrieved so the large amounts of data and
information generated are available to health care profession-
als when and where they need it. The use of computer and
communication technology is a key aspect of medical infor-
matics practice, but it also is concerned with the human as-
pects of how information is used in decision making.
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